Background. Atherothrombotic disease, including coronary artery disease (CAD) and peripheral artery disease (PAD), can lead to cardiovascular (CV) events, such as myocardial infarction, stroke, limb ischemia, heart failure, and CV death. Aim. Evaluate the humanistic and economic burden of CAD and PAD and identify unmet needs through a comprehensive literature review. Methods. Relevant search terms were applied across online publication databases. Studies published between January 2010 and August 2017 meeting the inclusion/exclusion criteria were selected; guidelines were also included. Two rounds of screening were applied to select studies of relevance. Results. Worldwide data showed approximately 5-8% prevalence of CAD and 10-20% prevalence of PAD, dependent on the study design, average age, gender, and geographical location. Data from the REACH registry indicated that 18-35% of patients with CAD and 46-68% of patients with PAD had disease in one or more vascular beds. Use of medication to control modifiable CV risk factors was variable by country (lower in France than in Canada); statins and aspirin were the most widely used therapies in patients with chronic disease. Survival rates have improved with medical advancements, but there is an additional need to improve the humanistic burden of disease (i.e., associated disability and quality of life). The economic burden of atherothrombotic disease is high and expected to increase with increased survival and the aging population. Conclusion. CAD and PAD represent a substantial humanistic and economic burden worldwide, highlighting a need for new interventions to reduce the incidence of atherothrombotic disease.
Introduction
Atherosclerosis is highly prevalent and forms the underlying pathophysiology for coronary artery disease (CAD), peripheral artery disease (PAD), and cerebrovascular (CvD)/carotid artery disease [5, 6] . This progressive condition is characterized by a diseased endothelium, low-grade inflammation, lipid accumulation, and plaque formation within the intima of the vessel wall [7] . Plaque rupture or erosion can provoke superimposed atherothrombosis and subsequent vessel occlusion, leading to cardiovascular (CV) events, including myocardial infarction (MI), stroke, limb ischemia, and CV death [8] . CAD and PAD share a common pathogenesis and risk factors for development (e.g., smoking, dyslipidemia, hypertension, and diabetes mellitus) [9] . Disease in more than one arterial bed is a marker of advanced diffuse atherosclerosis and is associated with a worse prognosis than single-vessel disease [10] . Prognosis can be improved through secondary prevention measures, with lifestyle changes, medicinal control of modifiable CV risk factors, and the prevention of blood clot formation with antithrombotic therapies [11] . Being the leading cause 2 Cardiovascular Therapeutics of mortality and morbidity worldwide, atherothrombotic disease places a substantial medical and economic burden on society [7, 12] . Although the majority of evidence on the burden of atherosclerotic disease comes from high-income countries, it is important to note the increasing burden of atherosclerotic CV disease in low-and middle-income countries, a topic reviewed in more detail by Fowkes et al. [13] .
This structured literature review aimed to provide a comprehensive overview of the burden of, and unmet need in, patients with CAD and PAD based on relevant real-world studies and reviews. The geographic scope of the review included Canada, France, Germany, Sweden, the UK, and the USA.
Methods
The search was implemented in the MEDLINE, MEDLINE In-Process, and Embase databases via the OVID interface and in relevant national and international guidelines portals and healthcare associations/organizations, with defined search terms and inclusion/exclusion criteria applied, to identify studies on CAD and PAD relevant to research on the epidemiology, treatment patterns, risk factors, and humanistic and economic burdens of disease. No language restriction was applied. The search time limit was from January 2010 to August 2017. Of note, for completeness we have included a publication from the Global Burden of Diseases (GBD) study published just after the August 2017 cut-off date [14] . Inclusion/exclusion criteria were structured as per the PICOS criteria (Supplementary Table 1 ) and applied first to titles and abstracts then to the full-text article; at each step, an additional reviewer carried out a random check of the selected publications. The selection process can be illustrated using a PRISMA chart.
Results
Publications selection is detailed in Supplementary Figure 1. 3.1. Epidemiology. In interpreting epidemiological data, it is important to consider that definitions of disease, patient selection, and study design may have impacted on results. This includes whether estimates focused on diagnosed (usually symptomatic) versus overall (including asymptomatic) prevalence of CAD and PAD.
Coronary Artery Disease.
Based on GBD study estimates, the global prevalence of CAD was 154 million in 2016, representing 32.7% of the global burden of CV disease and 2.2% of the overall global burden of disease [14] . Based on data from a national health survey collected from 2009 to 2012, the American Heart Association (AHA) estimated a prevalence of CAD of 15.5 million; therefore, 7.6% of men and 5.0% of women in the USA were living with CAD in this time period [15] . In the ONACI registry in France, the incidence of CAD ranged from ∼1% per year among men aged 45-65 years old (slightly higher among women of the same age) to ∼4% in patients aged 75-84 years old regardless of sex [16] .
Peripheral Artery Disease.
Based on 2016 GBD study estimates, the global prevalence of PAD was 120 million, representing 25.6% of the global burden of CV disease and 1.7% of the overall global burden of disease [14] . The 1999-2000 US National Health and Nutrition Examination Survey found that 4.3% of individuals aged ≥40 years old had been diagnosed with PAD based on having an anklebrachial index (ABI) <0.90. In patients aged ≥70 years old, the prevalence was 14.5% [17] . In a retrospective analysis of US healthcare insurer databases (2003) (2004) (2005) (2006) (2007) (2008) , the mean annual prevalence of PAD was 10.7% and the mean annual incidence 2.4% [18] . A study in Canada confirmed PAD in 8.1% of patients in two prospective study cohorts (N = 1459; average age 63.5 years), based on an ABI ≤0.9 [19] . In the 2004 prospective German Epidemiological Trial on Ankle Brachial Index study, 6880 unselected patients (mean age 72.5 years) from primary care were screened for PAD (according to an ABI <0.90), which was detected in 19.8% of male and 16.8% of female patients. PAD patients were characterized by high comorbidity (including diabetes, hypertension, and lipid disorders) including other manifestations of atherothrombotic disease [20] . A recent review of epidemiological data on PAD in Europe highlighted evidence suggesting that ABI correlates with marital and socioeconomic factors, especially in men, with separation/divorce, unemployment, and lower educational achievement associated with a lower ABI [21] .
Disease in More Than
One Vascular Bed. In the REACH datasets, 15.6% of patients enrolled in Canada, 18.2% in France and 27.4% in Germany had established atherothrombotic disease in more than one vascular bed (∼18-35% of patients with CAD also had PAD and/or CvD and ∼46-68% of patients with PAD also had CAD and/or CvD; mean age ≥68 years across datasets; Figures 1(a)-1(c) ) [1, 2] . In another prospective dataset (the GenePAD study, in which patients ≥40 years old with suspected CAD were screened for PAD; mean age 65.5 years), 23.0% of 1186 patients with confirmed CAD or PAD were diagnosed with concomitant disease. Only 7% of patients diagnosed with PAD during the study had a prior PAD diagnosis before enrollment, supporting the notion that PAD is an underdiagnosed condition [22] .
Current Treatment Approaches.
Clinical guidelines for the management of CAD and PAD have been developed by several societies and organizations [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The overarching treatment goals in these guidelines are to provide symptom relief (through medication and revascularization), to salvage limbs in cases of PAD, and to prevent future CV events. Recommendations for the secondary prevention of CV events include the control of CV risk factors (e.g., diabetes mellitus, hypertension, and smoking) through lifestyle modification, patient education, and pharmacologic therapy. Use of antithrombotics is also recommended for most patients (Supplementary Tables 2 and 3 ) [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Several observational studies identified in this literature search provide an insight into current treatment approaches.
Coronary Artery Disease.
In data from the global CLARIFY registry, which enrolled outpatients with chronic CAD, patients aged >75 years old were less often treated with beta blockers, lipid-lowering agents, aspirin, or angiotensinconverting enzyme (ACE) inhibitors than younger patients, but were more often treated with calcium channel blockers, angiotensin receptor blockers (ARBs), nitrates, or diuretics (perhaps reflecting the greater burden of comorbidities in older patients) [33] . Furthermore, women were less likely than men to undergo coronary artery angiography or noninvasive tests for myocardial ischemia, as well as percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG), or to receive ACE inhibitors or lipidlowering drugs. The proportion of aspirin use between men and women of all ages was similar [33] . In the REACH registries in Canada, France, and Germany, the majority of patients with CAD were on a statin at enrollment (85.3%, 77.6%, and 79.1%, respectively); the use of aspirin (the most common antiplatelet prescribed) was 83.6%, 66.0%, and 73.3%, respectively, and the use of an ACE inhibitor was 58.1%, 42.8%, and 61.3%, respectively (Figures 1(a)-1(c) ) [2] . In a Canadian study of more than 20,000 patients with stable CAD aged ≥65 years old, the use of optimal medical therapy (defined as a beta blocker, ARB/ACE inhibitor, and statin) was 61%. Aspirin could not be included in the analysis because of database limitations [34] .
Peripheral Artery Disease.
In a Swedish national healthcare database analysis of 18,742 patients with intermittent claudication (IC) or critical limb ischemia (CLI), 59.8% of patients received statins and 57.0% an ARB/ACE inhibitor at baseline hospital admission for revascularization [35] . Two-thirds of patients received low-dose aspirin (7.9% as part of dual antiplatelet therapy) and 7.2% received clopidogrel (as per guidelines for lower-extremity PAD, either agent can be used; Supplementary Table 3) . Overall, only 65% of patients with IC and 45% of patients with CLI received best medical therapy (i.e., an antiplatelet or anticoagulant and a statin) at admission. Use of secondary preventive therapies did, however, improve after surgery, e.g., 80% of patients with CLI received aspirin within the first 3 months following revascularization [35] . For patients with PAD enrolled in the REACH registries of Canada, France, and Germany, use of statins, aspirin, and ACE inhibitors was lower than that observed for patients with CAD, whereas use of diabetic agents and oral anticoagulants was higher (Figures 1(a)-1(c) ) [2] . A small single-center chart review of 42 patients with PAD and diabetes in Canada revealed that only 60% of patients were discharged on a combination of a statin, an ARB/ACE inhibitor, and an antiplatelet following vascular surgery. This proportion was higher in patients with concomitant CAD versus those with isolated PAD (78% and 46%, respectively) [36] . Indeed, several studies demonstrated that the use of therapy to prevent CV events is lower in patients with PAD than in patients with CAD (Figures 1(a)-1(c) ).
Humanistic Burden

Coronary Artery Disease.
CAD underlies a spectrum of conditions dependent on the degrees of stenosis, the hemodynamic consequences of the stenosis, plaque characteristics, and the level of myocardial ischemia [23, 28] . Potential outcomes from CAD include major adverse CV events (MACE; CV death, MI, and stroke), heart failure, hospitalization, disability, and reduced activities of daily living (Table 1 ) [37] [38] [39] [40] . MACE is a common outcome measure in studies of patients with CAD. In REACH Canada, 2.7% of patients with CAD had a MACE at 1-year follow-up; in datasets from France and Germany the incidence of MACE was ∼6% at 2 years follow-up (Figures 1(a)-1(c) ). It is well-established that the risk of MACE is elevated in patients with CAD and a previous CV event. Two studies demonstrated that the risk of MACE remains high for up to 4.5 years after an MI (Figures  2(a) and 2(b) ) [3, 4] .
Survival rates in patients with CAD have improved; for example, in the USA, age-adjusted mortality between 1980 and 2002 was approximately halved in both male (from 900 to 400 per 100,000) and female (from 500 to 250 per 100,000) patients with CAD [37] . Similarly, in Germany, age-adjusted mortality fell from ∼300 to ∼140 per 100,000 between 1990 and 2015 [41] . There has also been an increased focus on patients' overall quality of life. A large UK-based study highlighted that patients with CAD reported a lower quality of life and more depressive symptoms than participants in the healthy control group. The observed changes were genderspecific, with women reporting a higher quality of life than men in the 2 and 4 years following a CV event [39] . In Canada, 4305 (18.8%) of 22,917 patients with stable angina reported symptoms of depression. Patients with depression had a higher risk of death and admission for MI compared with those with CAD without depression [40] . Like CV a High-risk patients were predefined as those with ≥1 of the following risk factors prior to index; MI: diabetes mellitus, at least one MI prior to index MI event, CABG (proxy for multi-vessel CAD), PAD, stroke, heart failure, or diagnosis of chronic renal dysfunction. CABG, coronary artery bypass graft; CAD, coronary artery disease; CV, cardiovascular; HR, high risk; LR, low risk; MACE, major adverse cardiovascular events; MI, myocardial infarction; PAD, peripheral artery disease. comorbidities, musculoskeletal conditions are also frequent among patients with CAD, leading to substantial disability. In a cross-sectional observational study involving 11 hospitals in Canada, 1010 (56%) of 1803 patients with CAD had musculoskeletal conditions, with arthritis/joint pain accounting for 64.4% of these [42] .
Peripheral Artery Disease.
Ischemia of the lower limbs can be classified as functional or critical. IC, the most frequent clinical presentation of PAD, represents functional ischemia in which blood flow may be sufficient at rest but insufficient during exercise [43] . Approximately 1 in 4 patients with IC will experience worsening of symptoms or the development of CLI or acute limb ischemia (ALI). These conditions are characterized by progressive (CLI) or sudden onset (ALI) of pain at rest or nonhealing ischemic wounds or gangrene [27, 44, 45] and can ultimately lead to a loss of limbs [46] . In the UK-based OXVASC study involving more than 90,000 general medical patients from primary care, CLI occurred at a rate of 22 events per 100,000 patients per year (mean age: 75.2 years) and ALI at a rate of 10 events per 100,000 patients per year (mean age: 76.3 years) [46] . In a retrospective analysis of US healthcare insurer databases, the mean incidence of CLI was 0.35% per year (in a population with a mean age of ∼69 years), representing 11.08% of patients with PAD [18] .
PAD has been widely associated with a reduced healthrelated quality of life (HRQoL), predominantly because of the functional limitations caused by symptoms and the consequences of PAD (e.g., pain, functional loss, and loss of limbs) [43] . Patients who self-reported a physician diagnosis of PAD in the EU and the US National Health and Wellness Survey had significantly lower mental and physical HRQoL scores compared with the general population in adjusted analyses [43] . In a single-center US study, patients with asymptomatic PAD or atypical symptoms had greater mobility decline than those without PAD or with symptoms of IC, with a significantly decreased ability to walk for 6 minutes continuously [47] . In a Swedish longitudinal cohort study at two vascular clinics, 64 (29%) of 219 patients scheduled for treatment of IC or CLI reported chronic widespread pain, which was strongly associated with a reduced HRQoL at baseline and 12 months after treatment [48] .
PAD is also associated with an increased risk of MACE. Findings from the REACH registries revealed similar to higher event rates for CV death in patients with any PAD than in those with any CAD. This was also true for the combined outcomes of MACE and MACE plus hospitalization (Figures  2(a) and 2(b) ) [1, 2] . Blin et al. demonstrated that PAD was the most significant factor in predicting the risk of reinfarction/stroke/transient ischemic attack within a year of MI (present in 22.9% of patients who had an event versus 11.4% of patients who did not; P = 0.0005) [3] . Data on mortality rates in patients with isolated PAD were sparse, but in the PREPARED-UK registry, the 2-year mortality rate among patients with IC was 8.4% [49] . One-year mortality rates in patients with IC and CLI identified in the Swedish national healthcare registry were 1.9% and 11.7%, respectively (approximately one-third of patients had concomitant CAD) [35] .
Economic Burden
Coronary Artery Disease.
Without appropriate treatment and prevention, the silent and progressive nature of atherosclerosis ultimately leads to CV events, hospitalization, and revascularization procedures, which represent a significant economic burden. These include hospitalization and medication costs and loss of productivity [1] [2] [3] .
MI or stroke can require lengthy hospital stays: one French cohort study reported a mean length of stay of 7 days for patients hospitalized for MI [3] . The average direct medical costs associated with hospitalization for CAD were reported from the REACH registries in France, Germany [2] , and Canada [1] . In France, the average direct 1-and 2-year costs per CAD patient amounted to €1122 and €1746, respectively. In Germany, the equivalent costs were €1042 and €1784, respectively. Most of the direct costs could be attributed to cardiac surgery or intervention, with the most expensive procedure costing €17,626 (for CABG combined with coronary angioplasty/stenting) [2] . In Canada, mean hospitalization costs for patients with CAD were C$1743 per patient (C$2.2 billion overall, for all patients with CAD at the national level) and the average annual medication costs were C$1593 per patient. Total average annual hospitalization costs significantly increased as the number of affected arterial beds increased (C$380, C$1403, and C$3465 for 0, 1, and 2-3 affected arterial beds, respectively) [1] . A US study showed that, during the first 12 months after an acute coronary syndrome (ACS), patients incurred an additional $31,061 (P < 0.001) in total healthcare expenditures compared with those without ACS [50] . One study estimated lifetime costs of revascularization by CABG or PCI in the USA at $196,256 and $187,532 per patient, respectively [51] .
Peripheral Artery Disease.
The direct costs associated with PAD are even higher than those for CAD because of the higher rates of polyvascular disease and higher number of annual CV events and hospitalization rates [52] . According to data collected in the REACH registry, the average cumulative 1-and 2-year costs associated with hospitalizations for vascular reasons in France amounted to €1994 and €3182 per PAD patient, respectively. In Germany, the equivalent 2-year cost was €2724. Peripheral revascularizations accounted for approximately half of these costs [2] . Similarly, in Canada, mean hospitalization costs were more than three times higher for patients with PAD than those with CAD (C$4677 and C$1743 per patient, respectively). Annual medication costs were only slightly higher for patients with PAD than those with CAD (C$1695 and C$1593 per patient, respectively) [1] . In the USA, the total PAD-related annualized healthcare cost in the symptomatic PAD patient population was $4006 per patient [53] .
Indirect Costs of Coronary Artery Disease and Peripheral
Artery Disease. In addition to these direct costs, CAD and PAD may lead to substantial morbidity-and mortality-related productivity costs [54] . In Canada, the per-patient cost of absenteeism after MI ranged from C$6974 at 1-year post MI to C$10,702 at 4 years. Annual presenteeism costs (reduced
